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Introduction 

It is possible to use gases with different 
reducing properties, such as contaminated 
hydrogen, CH4, CO, generator gas, which can also 
contain the wide spectrum of gaseous components, 
in the in reduction processes cycles of hydrogen 
obtaining by iron-steam method . The used gases 
differ by their physical and chemical properties, 
which determine to a considerable extend the 
mechanism of reduction processes, their rate 
characteristics, and also physical and chemical 
properties of the metals being reduced. 

The goal of this work was to investigate the 
features of the proceeding of the process of 
metallurgical production scale waste reduction 
with the use of various reducing mediums. 

All the experiments, the results of which are 
given in this work, has been carried out with the 
use of high-temperature thermogravimetric 
installation. 

 
Results and Discussion 

The use of methane and mixed ( H2 , CH4 , 
CO, CO2) waste gases of metallurgical production 
causes the complicated  ramified process including 
the used gases conversion in the zone of reducing 
reaction on the surface of the oxide being reduced. 
As a result the mixture of gases (H2 ,CO , CO2 ) 
and also carbon form which can affect not 
adequately on the proceeding of chemical 
processes in comparison with the influence of 
individual components of reducing gas. 

Active carbon can not only participate in 
reduction processes but block reaction surface of 
oxide particle being reduced. Kinetic parameters of 
fine iron oxides reduction in hydrogen within an 
interval 300 - 450 oC depend upon temperature 
factor [1]. 

It makes itself felt especially by the 
transition of proceeding oxide phase 
transformations into diffusion region. Carrying out 
the process under 800 oC  (Fig 1, curve 1a) levels 
diffusion phase, and temperature increase up to 
1050 oC has insignificant effect upon the  

 

rate of iron oxides reduction (Fig, 1, curve 1). 
When iron reduction by methane is being carried 
out under 800 oC (curve 4) there is practically the 
process stop after the degree of reduction reaches  
α ≈ 78 %. 

 

 
Fig. 1. Kinetic dependencies of reduction 

processes upon the type of reducer. 
 
The decrease of reduction rate is observed 

already within reduction degree range above 50%. 
There is a high probability that the increase of 
catalytic activity of iron oxides being reduced 
takes place in comparison with the process of CH4 
decomposition into carbon and hydrogen. The 
intensive surface blocking by depositing carbon is 
observed. 

Temperature increase up to 900 and  
1050 0C causes the increase of reduction degree. 
Carbon being formed as a result of CH4 catalytic 
decomposition can be very active and, being 
relatively uniformly distributed over the surface of 
multicomponent mixture, very likely can react 
directly with iron oxides under temperature 
conditions admitting direct reduction development. 

Iron oxides reduction in multicomponent 
mixture within the medium containing 35 % of CO 
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and 67 %  of nitrogen proceeds more slowly than 
in methane. 

As the  Fig. 2 shows the process rate in 
hydrogen during the final stage of reduction 
exceeds considerably the rate of processes within 
the medium of carbon monooxide and methane. 

As it is obvious from the  Fig. 2 in the mode 
of low-temperature reduction (c. 4, 500 oC) when 
reduction degree (α) reaches 11 % (the region of 
Fe3O4 formation) the reaction rate slowing down 
takes place with the following its increase. Under 
low temperature the oxide transformation 
proceeds by the scheme Fe2O3 → Fe3O4 → Fe. 
As iron concentration increases when α > 30 % 
there is a sample mass increase. 

It is connected with catalytic influence of 
iron being formed at this stage upon carbon 
monoxide decomposition (reversible reaction 1) 
and carbon surface deposition. 

 

 
 Fig. 2. Kinetics of Fe2O3 powder reduction 

within medium containing 33 % of CO2  and 67 
% of nitrogen (1 – 950 oC; 2 – 900 oC; 3 – 750 
oC; 4 – 500 oC). 

 
The general picture of the proceeding of 

oxidizing and reducing stages in hydrogen 
obtaining cycles are shown in the Fig. 3. 

The decrease of reduction processes rate is 
observed even by temperature increase from 800 
up to 900 oC. This effect becomes apparent 
especially in the stage of reduced iron interaction 
with water steam. These difficulties are 
connected with the change of surface properties 
and conditions of interaction in the gas-solid 
system. 

The decrease of processes rate in redox 
cycles is accompanied also by the decrease of the 
degrees reduction by 11 % and oxidation by 
14,4%. 

Diffusion region of the process proceeding 
increases especially when reduced iron is 
oxidized by water steam. It can be explained, as 
demonstrated above, by blocking the surface of 
reduced iron, being formed as a result of Buduar 
reaction on the surface of iron being reduced, 
with carbon. 

 

 
Fig. 3. Change of degree of reduction and 

oxidation depending on time, cycles number and 
temperature (1 – redox- cycles; 2 – temperature 
change in time; a – point of water supply). 

 
The effect of surface self-cleaning as a result 

of deposited carbon interaction with water steam 
under 900 oC has not been discovered during the 
experiment. 

 
Conclusions 

Thus, when reduction processes are being 
carried out it is necessary to pay a special attention 
to the quality of reducing generator gas and 
keeping up optimal rate of its supply into reaction 
zone. It favours the removal of reaction products, 
CO2 in particular, out of this zone. 

It favours also the increase of the process 
proceeding rate under the given temperature up to 
the maximum one and the reaching of maximum 
possible reducing degree of iron oxides. It is 
necessary to keep optimum temperature conditions 
under which there are minimum surface blocking 
by depositing carbon and maximum rate of 
oxidation-reduction processes. 
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